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Objective. To investigate the value of duplex ultrasound scanning (DUSS) in the routine follow up of patients following
EVAR.
Methods. Imaging was reviewed for 310 consecutive patients undergoing EVAR at a single centre. Concurrent ultrasound
and CT scans were defined as having occurred within 6 months of each other. There were 244 paired concurrent DUSS and
CT scans which were used for further analysis. These modalities were compared with respect to sensitivity, specificity, pos-
itive and negative predictive values and level of agreement (by Kappa statistics) using CT as the ‘gold standard’.
Results. DUSS failed to detect a number of endoleaks which were seen on CT and the sensitivity of this test was therefore
poor (67%). However, the specificity of DUSS compared more favourably with a value of 91%. Positive predictive values
ranged from 33e100% but negative predictive values were more reliable with values of 91e100% at all time points post
operatively. There were no type I leaks, or endoleaks requiring intervention which were missed on DUSS. Overall, there
was a ‘fair’ level of agreement between the two imaging modalities using Kappa statistics.
Conclusion. Although DUSS is not as sensitive as CT scanning in the detection of endoleak, no leaks requiring interven-
tion were missed on DUSS in this study. DUSS is much cheaper than CTand avoids high doses of radiation. DUSS there-
fore remains a valuable method of follow up after EVAR and can reduce the need for repeated CT scans.
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Endovascular aneurysm repair (EVAR) has increased
in popularity since it was first described in 1991.1
The interim results from the EVAR 1 and DREAM tri-
als reported improved perioperative morbidity and
mortality with EVAR compared to open repair.2
However, there are potential complications with this
technique including mechanical problems such as
kinking, fracture or migration of the stent, and ‘endo-
leak’. Long term surveillance with imaging studies is
therefore required to detect any late complications
that may require intervention.
Endoleak is the persistent flow of blood within the
aneurysm sac and occurs in approximately 20% of
cases.2 There are 5 different types of endoleak. Type
1 endoleak involves blood flow outside the graft but
inside the sac, arising from either the proximal or
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sistent back flow of blood from aortic side branches,
commonly the lumbar or inferior mesenteric arteries.
Leakage into the sac which arises from the join
between stent components is termed a type 3 leak.
Types 4 and 5 leaks are less common and involve
sac expansion due to increased porosity of graft mate-
rial, or with no clear point of leakage (endotension),
respectively.3
Routine imaging is required post-operatively to de-
tect endoleak because of the risk that persistent flow
in the aneurysm sac may predispose to rupture.4
Type 1 and 3 leaks in particular are associated with
a high pressure leak into the abdominal aortic aneu-
rysm (AAA) sac and therefore are at significant risk
of rupture.5
Duplex Ultrasound Scanning (DUSS) and Com-
puterised Tomography (CT) are the most common
methods used for endoleak detection. Although initial
reports comparing DUSS with CT suggested that
sensitivity and specificity were comparable,6,7 more
recently, doubt has arisen as to the reliability ofrved.
538 R. M. Sandford et al.DUSS alone.8e10 In particular, DUSS has been found
to have poor diagnostic accuracy in relation to specific
types of endoleaks.11
DUSS is the main imaging modality used in our
centre in the routine follow-up of patients following
EVAR. If DUSS is felt to be inadequate or an abnor-
mality is detected, CT scan is arranged.
In order to guide post operative follow-up, we
evaluated the performance of DUSS in the detection
of endoleak in our centre using CT as the ‘gold
standard’.
Methods
Imaging was retrospectively reviewed for 310 consec-
utive patients undergoing endovascular aneurysm
repair at a single centre between 30/03/94 and
08/10/05. Patients were followed up after EVAR in
a nurse led clinic and underwent six monthly clinical
examination and duplex ultrasound scan. Colour flow
DUSS was performed by a trained Vascular Techni-
cian using a Phillips HDI 5000 ultrasound machine.
No contrast was used. If an abnormality was found
on DUSS, or views were inadequate, patients under-
went computed tomography (CT) scan, using intrave-
nous contrast and a Phillips Secura single slice spiral
CT. Duplex ultrasound scan data was retrieved from
the Vascular Studies Unit database. Data regarding
time since operation, presence or absence of endoleak
and any additional information gained from the scan
(eg. regarding adequacy of views) were recorded.
Records of CT scan reports were retrieved from com-
puterised hospital radiology records and the same
data recorded.
All patients having undergone concurrent DUSS
and CT scans were included in the analysis. Concur-
rent scans were defined as having occurred within
6 months of each other.
The imaging modalities were compared with re-
spect to their detection of endoleak, using CT as theEur J Vasc Endovasc Surg Vol 32, November 2006‘gold standard’. Sensitivity (defined as the probability
that the test is positive if the patient has an endoleak)
and specificity (the probability that the test is negative
if the patient does not have an endoleak) of DUSS
compared with CT were calculated. Positive and
negative predictive values (the percentage of tests
which accurately identified patients with and without
endoleak respectively) were also calculated. Kappa
statistics, which take into account the proportion of
agreement due to chance, were used to give a measure
of agreement between the two tests (SPSS 9.0
Package). A low Kappa represents a poor level of
agreement between the tests, whereas a Kappa value
close to 1 implies a near perfect agreement. Likelihood
ratios were also calculated to reflect the degree of in-
creased suspicion of endoleak following a positive
DUSS.
Results
Three hundred and ten patients underwent endovas-
cular aneurysm repair (EVAR) at the Leicester Royal
Infirmary over an 11 year period between 30/03/94
and 08/10/05. Patients were followed up using a com-
bination of DUSS and CT scans. In total, there were
1352 DUSS scans performed, and 520 CT scans. There
were 244 paired scans, i.e. both DUSS and CT per-
formed within six months of each other and these
have been used for further analysis.
Detection of endoleak varied between the two im-
aging modalities (see Table 1). DUSS failed to detect
a number of endoleaks at all time points compared
with CT. Sensitivity of DUSS was found to be 64%
(range 33e100%) however specificity was much better
with a value of 91% (range73e100%) (Table 2).
Positive predictive values were calculated and
ranged from 33%e100% but negative predictive values
were much more reliable with values of 91e100%
(Table 3). Kappa statistics were used to describe the
level of agreement between the two tests and areTable 1. Detected endoleaks by DUSS compared with CT
Time point
post surgery
Number of
patients
Outcome of DUSS Outcome of CT True positive
on DUSS (%)
False positive
on DUSS(%)
True negative
on DUSS (%)
False negatives
on DUSS (%)L NL L NL
3 months 73 7 66 10 63 3 (43) 4 (57) 63 (95) 3 (5)
6 months 30 3 27 4 26 2 (67) 1 (33) 26 (96) 1 (4)
12 months 45 6 39 9 36 2 (33) 4 (67) 36 (92) 3 (8)
24 months 50 7 43 10 40 4 (57) 3 (43) 40 (93) 3 (7)
36 months 25 3 22 5 20 1 (33) 2 (67) 20 (91) 2 (9)
48 months 17 6 11 5 12 2 (33) 4 (67) 11 (100) 0
60 months 4 1 3 1 3 1 (100) 0 3 (100) 0
Total 244 33 211 44 200 15 (45) 18 (55) 199 (94) 12 (6)
Where L¼ leak seen, and NL¼ no leak seen.
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agreement between the scans. Likelihood ratios were
calculated (see Table 5) and showed a 81% likelihood
of endoleak with a positive DUSS and a 96% likeli-
hood of no endoleak with a negative DUSS.
Although DUSS did miss a number of endoleaks,
these were all type 2 leaks with the exception of one
patient. In this case, a type 1 leak had previously
been visualised on DUSS which was not detected on
this occasion. However, due to an increase in sac di-
ameter and abdominal tenderness, a CTwas arranged
which was able to demonstrate the ongoing type I
leak.
Of the 1352 DUSS performed, 151 (11%) reported
difficult views due to either increased bowel gas or
Table 2. Sensitivity and Specificity of DUSS compared with CT
Time point
post
surgery
Sensitivity
(%)
95%
Confidence
interval
Specificity
(%)
95%
Confidence
interval
3 months 50 22e77% 94 87e97%
6 months 67 25e92% 96 85e99%
12 months 40 14e73% 90 80e95%
24 months 57 29e81% 93 84e97%
36 months 33 8e74% 91 76e97%
48 months 100 42e100% 73 52e87%
60 months 100 27e100% 100 52e100%
Mean 64 91
Where
Sensitivity¼ number of patients with a true positive DUSS
number of patients with a positive CT
and
Specificity¼ number of patients with a true negative DUSS
number of patients with a negative CT
Table 3. Positive andNegative predictive value of DUSS compared
with CT
Time point
post
surgery
Positive
predictive
value
95%
Confidence
interval
Negative
predictive
value
95%
Confidence
interval
3 months 43% 19e71% 96% 89e98%
6 months 67% 25e92% 96% 85e99%
12 months 33% 12e65% 92% 82e97%
24 months 57% 29e81% 93% 84e97%
36 months 33% 8e95% 91% 76e97%
48 months 33% 12e65% 100% 80e100%
60 months 100% 27e100% 100% 52e100%
Mean 52% 95%
Where
Positive predictive value¼ Number who have positive CT
Number who have positive DUSS
and
Negative predictive value¼ Number who have a negative CT
Number who have a negative DUSSobesity. The proportion of scans which reported
poor views was higher immediately post operatively
than subsequent scans, affecting 19 of 99 (19%) pre-
discharge scans.
Discussion
Detection and management of endoleak remains a ma-
jor drawback of endovascular aneurysm repair. We
evaluated current practice at a single centre in terms
of endoleak detection by two imaging modalities,
DUSS and CT. Duplex ultrasound detected a total of
33 endoleaks, of which 15(45%) were found to be
‘true positive’ results when compared with CT. One
hundred and ninety-nine patients (94%) were cor-
rectly identified as free from endoleak on DUSS. Ul-
trasound was therefore found to have very high
specificity in the detection of endoleak (91%), but
lower sensitivity (67%). Of the endoleaks missed on
DUSS, all except one were type II leaks which repre-
sent a low pressure leak with a low risk of aneurysm
rupture.12
Reports of the sensitivity of DUSS compared with
CT vary. Some authors have found ultrasound to
be very sensitive with detection rates as high as
81%,6,11,13 however most studies report similar results
to our own with sensitivies ranging from 25%8 to
43%.9 All reported specificities are high, ranging
from 89e96%.6,8,9,12
CT scan was taken to be the ‘gold standard’ in this
study and this introduces a potential source of bias if,
in fact, CT is imperfect. This may be confounded by
the time delay between DUSS and CT scan, as new en-
doleaks may have developed or previously identified
leaks sealed during this lag time. This may give the
impression of a poor performance of DUSS compared
with CT.
In addition, patients with a positive or unclear
DUSS underwent CT as a result of clinical indication
Table 4. Correlation of DUSS with CT by Kappa statistics
Time point
post surgery
Kappa
statistic
Standard
error
Level of
agreement
3 months 0.34 0.15 Fair
6 months 0.57 0.23 Moderate
12 months 0.25 0.15 Fair
24 months 0.46 0.15 Moderate
36 months 0.24 0.20 Fair
48 months 0.35 0.19 Fair
60 months 1 0 Very good
Overall 0.36 0.09 Fair
Where a Kappa value of <0.2¼ poor agreement, 0.2e0.4¼ fair
agreement, 0.4e0.6¼moderate agreement, 0.6e0.8¼ good agree-
ment, 0.8e1¼ very good agreement, 1¼ perfect agreement.Eur J Vasc Endovasc Surg Vol 32, November 2006
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Prevalence of
endoleak
Pre-test odds of
true result
LRþ LR Post test odds of
true result
Post test probability of
true result
6.1% 0.64 6.7 37 If test þve 4.3 If test þve 81%
If test ve 23.7 If test ve 96%
Where:
Prevalence¼ number of true positivesþ false negatives
Total number of scans
Pre-test odds¼ prevalenceð1prevalenceÞ
LRþ¼ Likelihood ratio of endoleak if DUSS positive¼ sensitivityð1 specificityÞ
LR¼ Likelihood ratio of no endoleak if DUSS negative¼ ð1 sensitivityÞ
Specificity
Post-test odds¼ pre-test odds likelihood ratio
Post-test probability¼ post-test odds
post test oddsþ 1rather than routine protocol, and this is likely to have
shortened the time delay between scans. This may re-
sult in a greater observed DUSS sensitivity but lesser
specificity among patients with a positive DUSS.
Sensitivity of DUSS is also known to be affected by
several factors such as bowel gas, body habitus and
operator experience,8 and this may account for some
degree of error. In spite of the low sensitivity of
DUSS, only one type 1 endoleak was missed, and
this patient was referred for CT on the basis of an in-
crease in sac size detected on DUSS.
One potential way to improve the sensitivity of
DUSS is through the use of contrast media, Henao
et al. demonstrated increased endoleak detection with
contrast-enhanced duplex scanning, and in fact
detected some endoleaks not seen on CT using this
technique.14 The introduction of contrast-enhanced
scans may therefore lead to greater reliance on ultra-
sound in the future.
The mortality benefit of EVAR is well docu-
mented,2,15,16 but the long term survival may be no
better than open repair.17 This is largely due to the in-
cidence of late complications such as endoleak and
device migration. Type I and III endoleak are particu-
larly associated with aneurysm rupture with a cumu-
lative risk of up to 1% per year.5
The EVAR 1 trial reported 27 (5.1%) type I and 8
(1.5%) type III endoleaks during the 4 year follow
up period. They also found 9 (1.7%) patients follow-
ing EVAR developed late aneurysm rupture, 5 of
whom died. During the same follow up period, only
one patient died following rupture of their aneurysm
after open repair.2 This increased the hazard ratio for
endovascular repair from 0.42 in the first six monthsEur J Vasc Endovasc Surg Vol 32, November 2006following surgery to 1.15 in the period from six
months to 4 years.
In order to prevent late aneurysm rupture follow-
ing EVAR, complications need to be reliably detected
and corrected. The EUROSTAR data reported an 18%
re-intervention rate at 20 months post EVAR,17 and
this is in keeping with the EVAR 1 trial report of a
20% re-intervention rate after 4 years.2
EVAR is currently significantly more expensive
than open repair with an additional cost of £110 000
per quality adjusted life year (QALY) reported by
the EVAR 1 trial.18 Part of this additional cost is due
to the long term surveillance required to detect late
complications specific to endovascular repair. Ultra-
sound scan is much less expensive than CT scan and
may therefore improve the cost benefit ratio of
EVAR if used as the primary imaging modality for
surveillance.
Computed tomography was used as the ‘gold
standard’ in this study and therefore the finding
of a lower sensitivity with DUSS is to be expected.
However, we have found an acceptable rate of en-
doleak detection with this technique, using CT
scan to clarify the nature of any abnormalities
seen. In conclusion, we have found DUSS to be re-
liable in the detection of endoleak following endo-
vascular aneurysm repair. Although the sensitivity
of this technique may be poor in comparison with
CT scan, no clinically significant leaks were missed,
and routine use of DUSS has the added benefits of
avoiding high doses of radiation and escalating
costs. We therefore support this protocol in the
long term surveillance of patients following endo-
vascular aneurysm repair.
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